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thronic constrictive pericarditis is the end stage of a
chronic inflammatory and noninflammatory process
hat results in a thick, fibrotic constricting, and sometimes
alcific, pericardium.1-4 Modern series from the third
orld countries document tuberculosis in 38 to 89% of all
ases of constrictive pericarditis and cases are increasing
ue to the emergence of drug-resistant tuberculosis in
ssociation with acquired immunodeficiency syndrome.2-9
he advent of antitubercular chemotherapy has brought
own the mortality for tuberculous pericarditis from 90%
o about 40%.2-9
The pathophysiologic hallmarks of constrictive pericardi-
is result from loss of pericardial compliance. This pericardial
nflexibility results in dissociation of intrathoracic and intra-
ardiac pressures with respiration, expiratory reduction of
ow velocity in venae cavae, increased hepatic venous dia-
tolic flow reversal, decreased transmitral flow velocity, im-
aired diastolic filling, and heart rate.10
The literature is rife with examples of patients with con-
trictive pericarditis treated by pericardiectomy by either left
nterolateral thoracotomy or median sternotomy.1-15 Despite
he effectiveness of surgical therapy for the treatment of con-
trictive pericarditis, there are disparate opinions regarding
he role of corticosteroids in the treatment of tuberculous
ericarditis, the timing of operation, the issue of surgical
pproach, extent of decortication, and the requirement for
ardiopulmonary bypass.1-15
The problems of perioperative diagnostic error also have
ot been adequately addressed in the surgical literature, de-
pite known difficulties in differentiating patients with re-
trictive cardiomyopathy from those with constriction.16,17
he association of characteristic hemodynamic changes with
ericardial thickness more than 3 mm is usually confirma-
ory. Constrictive pericarditis is generally considered to be
emodynamically significant when there are clinical features
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odynamic criteria.1-17
Computed tomography and magnetic resonance imaging
MRI) are performed selectively to identify the pericardial
hickness, a hallmark of the disease.18-20 In one study, MRI
as found to be 88% sensitive and 100% specific, with a
iagnostic accuracy of 93%.19 Patterns of left ventricular di-
stolic filling on radionuclide ventriculography have also
een used to diagnose constriction.21,22 Generally, a combi-
ation of available diagnostic modalities, if judiciously used,
ay obviate the need for diagnostic exploratory thoracotomy
r endomyocardial biopsy.1-22
Early pericardiectomy has been advocated after the clinical
ymptoms and diagnosis have been confirmed before severe
onstriction (and myocardial atrophy) occurs.1-15 The extent
f pericardiectomy necessary for chronic constrictive pericar-
itis has also been debated. The terms “radical,” “total,” “ex-
ensive,” “complete,” “subtotal,” “adequate,” “near-total,” and
partial” pericardiectomy also have been variably used in the
iterature to describe the procedure to be performed, often
ithout precise definition of the limits of the pericardial re-
ection.1-15
Published reports attest to the unpredictable and vari-
ble pattern of constrictive pericarditis and lend support
o radical decortication.4,11-15 We attempted to define total
ericardiectomy when a patient had wide excision of the
ericardium over the anterolateral and diaphragmatic sur-
aces of both ventricles with intact phrenic pedicles and
ver the great vessels including the intrapericardial por-
ion of the vena cava–right atrial junctions.4 Failure to
ecorticate the anterolateral and diaphragmatic surfaces of
oth ventricles does lead to less than the optimal result
nd the term “partial pericardiectomy” probably should be
eserved for such incomplete resections.4 Second, the im-
ortance of unrecognized constricting epicardial (visceral
ericardial) peel was described by Harrington in 1944 and
uccessful pericardiectomy requires decortication of the
entricular epicardium and relief of all constricting lay-
rs.23 In one study, pressure-volume loops were moni-
ored intraoperatively during pericardiectomy for con-
trictive pericarditis. The intraoperative normalization of
he pressure-volume loop was used as an indicator of op-
rative success.24
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Pericardiectomy for chronic constrictive pericarditis 15The operative approach used by Churchill25 and later by
arrington23 is now of historical interest. The choice
mong median sternotomy, left anterolateral thoracotomy
nd bilateral anterior thoracotomy appear to be one of
ersonal preference.1-15 Generally, the median sternotomy
pproach allows a more radical clearance of pericardium
verlying the right atrium and venae cavae, but these areas
re of little hemodynamic significance in the majority of
atients.4,11-15
The disadvantages of the median sternotomy approach
nclude the requirement of excessive manipulation of the
eart to permit complete decortication of all surfaces of the
eft ventricle, particularly the diaphragmatic surface.3-6,11
opeland and associates advocated median sternotomy ap-
roach in all cases of chronic constrictive pericarditis under-
oing pericardiectomy because they used cardiopulmonary
ypass in all cases of pericardiectomy.13
Analysis of the published literature substantiates the
ack of specific physiologic and/or hemodynamic criteria
hat can be used in deciding an optimal approach for a
iven patient.1-3,5-15 In our earlier publication, we had at-
empted to compare two surgical approaches for pericardi-
ctomy, clinically, echocardiographically, and hemody-
amically.4 We demonstrated the operative approach for
ericardiectomy; although mostly based on surgeons’
reference, the maximum benefit for constrictive pericar-
itis, in particular, is expected from total pericardiectomy.
n our center, the median sternotomy approach was the
referred option in the following clinical subset of pa-
ients: (1) annular constrictive pericarditis; (2) calcific
ericardial patch compressing the right atrium and right
entricular outflow tract; (3) extracardiac intrapericardial
ass; (4) presence of a 2-mm or greater gradient between
he superior and inferior venae cavae and right atrium; (5)
onstriction after previous open heart surgery; and (6)
ecurrent constrictive pericarditis after partial pericardiec-
omy.4
We concur with the observations of the other investigators
hat cardiopulmonary bypass is not a necessary adjunct for
total” pericardiectomy and should be employed only in spe-
ial circumstances, namely, (1) inadvertent damage to a car-
iac chamber; (2) those who have had a previous cardiac
peration, or a previous incomplete pericardiectomy; (3)
resence of calcific pericardial “cocoon” encompassing all
ardiac chamber; and (4) presence of a coexistent cardiac
esion that requires correction.1-11
Despite experience spanning over 50 years, there is no
oolproof formula in the published literature that can be
sed in deciding an optimal surgical approach for a given
atient.1-15 Literature documents clear anecdotal cases of
ericardiectomy for constrictive pericarditis by either left
nterolateral thoracotomy or median sternotomy ap-
roach.1-15 The published literature also substantiates the
ack of ventricular diastolic distensibility as the primary
athophysiologic hallmark of chronic constrictive pericar-
itis in the majority of cases.10
Left anterolateral thoracotomy offers excellent exposure
f the anterolateral and diaphragmatic aspects of the left
entricle with minimal manipulation and retraction of the
eart.1,3,4-8,11 If necessary, the incision can be easily ex-
ended across the sternum and to the right side of the ahest. Although this approach allows greater exposure and
hus resection of the pericardium overlying the left ventri-
le, it is indeed less desirable when the right side is exten-
ively involved.4
The literature does not specifically address the choice of
urgical approach in the setting of bacterial pericarditis. In
ur experience, a left anterolateral thoracotomy was the pre-
erred approach in cases of purulent pericarditis and effusive-
onstrictive pericarditis. Thoracotomy was the preferred op-
ion in these patients because of the presence of concomitant
yothorax and the concerns of sternal infection. It was pos-
ible to achieve total pericardiectomy in these patients be-
ause of loculations and poorly formed fibrinous adhesions,
hich could be easily pealed off.4
he Operation
he Incision
he left anterolateral thoracotomy is performed using a sub-
ammary incision and opening the chest through the fourth
r fifth intercostal space with the patient tilted slightly to the
ight (Fig. 1).
urgical Anatomy
he left lung is covered with a wet sponge and is retracted
osteriorly. This approach gives good access to the left
entricle and left atrium and allows easy identification and
reservation of the left phrenic nerve. Access to the right
entricle, right atrium, and venae cavae is difficult with
his approach and can be achieved with certainty and
afety either by extending the incision across the sternum
nd ligating and dividing both sets of internal thoracic
essels or by employing several technical modifications as
tated below.
Using these modifications, it is possible to achieve excision
f the pericardium until the right atrioventricular groove, the
ntire diaphragmatic pericardium, and the portion of the
ericardium posterior to the phrenic nerve until the left-
ided pulmonary veins.
If there is inadvertent damage to any of the cardiac cham-
ers during pericardial resection and cardiopulmonary by-
ass is required to gain control, conventional arteriovenous
annulations may be impossible with this approach. Thus, it
s desirable to have both groins surgically prepared and
raped so that femoro-femoral bypass can be instituted, if
eeded.
Although the median sternotomy approach gives good ac-
ess to the right ventricle, right atrium, and great vessels,
ncluding the cavo-right atrial junctions, it is impossible to
xcise the portion of the pericardium posterior to the phrenic
erve using this approach.
dentification and
solation of Left Phrenic Pedicle
wo full-length longitudinal parallel incisions are em-
loyed 0.5 cm anterior and posterior to the phrenic nerve
nd extended until the level of the pulmonary artery is
uperiorly and the diaphragm is inferiorly placed. Multi-
le stay sutures are then placed in the pericardium to
chieve adequate exposure. The length of the incisions is
16 U.K. Chowdhury, S. Seth, and S.M. ReddyFigure 1 Intraoperative views of the steps of total
pericardiectomy via left anterolateral thoracot-
omy. The chest is opened through the 4th inter-
costal space. n.  nerve.
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Pericardiectomy for chronic constrictive pericarditis 17igure 2 Two full-length parallel inci-
ions are made 0.5 cm anterior and
osterior to the left phrenic nerve and
xtended until the level of the pulmo-
ary artery superiorly and the dia-
hragm inferiorly. Multiple silk stay
utures are placed on the incised
dges to achieve adequate exposure.
.  nerve.
18 U.K. Chowdhury, S. Seth, and S.M. ReddyFigure 3 Dissection of the pericardium posterior to the phrenic nerve. Posteriorly, the pericardium is gently dissected from
the posterolateral surface of the left ventricle and left atrial appendage. The posterior pericardium is subsequently divided to
facilitate adequate mobilization until the levels of left-sided pulmonary veins and excised. n. nerve.
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Pericardiectomy for chronic constrictive pericarditis 19eepened gradually until the epicardium (visceral pericar-
ium) is reached (Fig. 2). The cautery is set at 8 to 10 mV
uring the process of dissection to avoid ventricular fibril-
ation. The thickened pericardium is dissected over the left
entricle, right ventricle, pulmonary artery, and aorta, in
hat order. Loculated pus pockets may be encountered at
his or subsequent stages of the dissection. If pus is
resent, it is sent for culture for pyogenic and acid fast
acilli.
pecific Useful Maneuvers
o Achieve Total Pericardiectomy
ia Left Anterolateral Thoracotomy
issection of the Pericardium
osterior to the Phrenic Nerve
osteriorly, the pericardium is gently dissected from the
nderlying left atrium and posterolateral surface of the left
entricle. The pericardium is subsequently divided in the
idline in between stay sutures to facilitate easy and ade-
uate mobilization until the level of left-sided pulmonary
eins. Thereafter, the posterior pericardium is excised
Fig. 3).
issection of the
ericardium Anterior to the Phrenic Nerve
nteriorly, the incised pericardial edge is held in between
tay sutures and is mobilized from the anterolateral surface of
Figure 4 The anterior pericardial flap is held between stay
ventricle, right ventricular outflow tract, and pulmonarhe right ventricle and pulmonary artery (Fig. 4). cobilization and Isolation of the Left Phrenic Pedicle
t this stage the left phrenic pedicle along with the accom-
anying vessels is gently dissected from the underlying left
entricle and pulmonary artery and two vascular loops are
assed around the same for atraumatic traction during mo-
ilization (Fig. 5).
evelopment of a New Dissection
lane Between the Sternum and the
nterior Surface of the Pericardium
sing cautery dissection, a new plane is made to develop
ithin the soft tissue between the sternum and anterior sur-
ace of the pericardium to extend the area of pericardial ex-
ision. A right-angled retractor may be placed under the poste-
ior surface of the sternum to achieve adequate mobilization of
he pericardium (Fig. 6).
ivision of the Anterior Pericardium in Two Halves
he anterior portion of the pericardium similarly is divided
nto two halves in between stay sutures and the thickened
ericardium including epicardium is dissected off the pul-
onary artery and right ventricle, until the right atrioventric-
lar groove (Fig. 7).
evelopment of a New Cleavage Plane Between
he Diaphragmatic Pericardium and Diaphragm
nferiorly, a cleavage plane is made to develop between the
iaphragm and thickened pericardium all along its length.
ubsequently, the diaphragmatic surface of the right ventri-
es and mobilized from the anterolateral surfaces of right
. n.  nerve.suturle including the left ventricular apex is completely freed
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20 U.K. Chowdhury, S. Seth, and S.M. Reddyrom the underlying pericardial adhesions (Fig. 8). Special
are is taken to avoid prolonged hypotension during the pro-
ess of dissection. After the cardiac chambers are freed off the
nderlying adhesions, the entire width of diaphragmatic
ericardium is excised in toto.
All constricting epicardial layer is peeled off from the car-
iac chambers and great vessels (Fig. 9).
onclusions
etween 1985 and 2004, 395 (276 males) patients under-
ent pericardiectomy for constrictive pericarditis. In 300
75.9%) patients, pericardiectomy was performed through a
edian sternotomy; in 95 (24.1%) pericardiectomy was per-
ormed through a left anterolateral thoracotomy. The de-
ailed clinical, echocardiographic, and hemodynamic evalu-
tion of the two surgical approaches was published in our
revious publication.4
We demonstrated that total pericardiectomy is associated
ith lower perioperative and late mortality and confers sig-
ificant long-term advantage by providing superior hemody-
amics that appear to be independent of the etiology of con-
trictive pericarditis.4
Figure 5 The left phrenic pedicle containing the phren
the underlying left ventricle and pulmonary artery a
traction.Since our last publication, between January 2005 and Sep- aember 2007 an additional 40 patients underwent pericardi-
ctomy for constrictive pericarditis either via median sternot-
my (n 15) or via left anterolateral thoracotomy (n 25).
In an attempt to perform total pericardiectomy via left
nterolateral thoracotomy, we have introduced several tech-
ical modifications of pericardial excision as enumerated
bove. Using these modifications, it was possible to achieve
otal pericardiectomy via left anterolateral thoracotomy, par-
icularly removing the constricting pericardium over the an-
erolateral, diaphragmatic surfaces of left ventricle and the
nterior and diaphragmatic surfaces of the right ventricle
ntil the right atrioventricular groove.
Although the surgical approach for pericardiectomy is
ased on surgeon preference, left anterolateral thoracotomy
s the preferred and noncontroversial approach in the setting
f purulent pericarditis and effusive constrictive pericardi-
is.4 It is possible to achieve total pericardiectomy in these
atients because of loculations and poorly formed fibrinous
dhesions that can be easily peeled off. Median sternotomy
pproach with or without cardiopulmonary bypass may be
pecifically suited for constrictive pericarditis with calcific
atches, pericardial masses, reoperations, and calcific peri-
ardial “cocoon” and for those with predominant right-sided
e and accompanying vessels is gently dissected from
vascular loops are passed around it for atraumaticic nerv
nd twond annular involvement.4
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Pericardiectomy for chronic constrictive pericarditis 21igure 6 Using cautery dissec-
ion, a new plane is developed
etween the posterior surface
f the sternum and anterior
urface of the pericardium to
xtend the area of pericardial
xcision. APF  anterior peri-
ardial flap; RV  right
entricle.
22 U.K. Chowdhury, S. Seth, and S.M. ReddyFigure 7 The anterior pericardial flap is
divided into two halves between stay su-
tures and the thickened pericardium, in-
cluding the epicardium, is excised until
the right atrioventricular groove. APF
anterior pericardial flap; D  dia-
phragm; DP diaphragmatic pericardi-
um; RV  right ventricle.
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Pericardiectomy for chronic constrictive pericarditis 23igure 8 Using cautery, a new cleavage plane is made to develop
etween the diaphragm and thickened diaphragmatic pericar-
ium all along its length. The diaphragmatic surface of the right
entricle including the left ventricular apex is completely freed
rom pericardial adhesions. Subsequently, the entire width of
iaphragmatic pericardium is excised in toto. APF  anterior
ericardial flap; D  diaphragm; DP  diaphragmatic pericar-
ium; RV  right ventricle; LV  left ventricle.
24 U.K. Chowdhury, S. Seth, and S.M. ReddyFigure 9 Intraoperative pictures of the decorticated heart
with an intact phrenic pedicle. LAA left atrial appendage;
LV  left ventricle; n.  nerve; PA  pulmonary artery;
RV  right ventricle. (Color version of figure is available
online at http://www.optechtcs.com.)
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